We have studied the thermal stability of Quarkonia states by computing the effects of color-screening and vacuum screening based on a temperature dependent screened coulomb plus power potential for the quark-antiquark interaction. Medium effects on the properties of charmonia and bottomonia states are studied. The color screening and the vacuum screening effects on the stability of the quarkonia states are also separately calculated for comparison.
Introduction
A fundamental description of the behavior of particles in a thermal environment can be represented through screening mass as it considers the interaction of a particle with the medium. Such an understanding about the screening mass of the elementary particles (quark, gluon, leptons, W ± -bosons, Z-bosons, higgs bosons) is necessary for understanding the formation of deconfined quark-gluon plasma state (the matter with high density at high temperature) which has been intensely studied in heavy ion collision experiments at CERN, BNL and RHIC etc. It also plays an important role at high temperature in strong and electroweak interaction and also in understanding the deconfinement mechanism. The parton jets, electromagnetic signals and the suppression of quarkonia states are the main signatures of the deconfined state [1, 2, 3] . Though there exist many theory like the effective field theory and lattice simulations to study the deconfinement mechanisms but they require very intense computational efforts. However study based on phenomelogical model is very simple and an important tool to understand the screening effects on the binding energy of quarkonia states.
formalism
Study of the deconfined medium has been attempted using the schrodinger equation with a non-relativistic Hamiltonian given by
where, M=m 1 +m 2 and m=
Here, m 1/2 corresponds to the mass of the quark/antiquark constituting the quarkonia state. For example, in the case of charmonium, m c =1.320GeV/c 2 and in the case of bottomonium m b =4.746GeV/c 2 [4, 5] . The medium dependent quarkantiquark potential [6] is considered as
(2) where, α=0.471 [7] and σ has been determined by taking the corresponding spin average mass of charmonia and bottomonia (1s, 2s and 1p-states) without considering the medium effects (µ →0). The parameter σ for different choices of ν thus are obtained are plotted in the fig. (1) and (2) for the charmonia and bottomonia respectively. It is found that for ν=1 the value of σ remains almost same for both cc and bb states. 3 Properties of Quarkonia states with medium effects µ =0
The Schrödinger equation with the potential defined by eqn. (2),
is solved [8] to get the energy eigenvalue E n,l (µ) as a function of the medium parameter, µ. We now define an effective binding energy express as [4, 9] E n,l
E n,l cs (µ) described by eqn.(4) provides a positive value for the bound states and as µ increases, it decreases. For a particular value of µ = µ c at which
defines a critical value for the screening mass µ c , beyond which no more binding is possible and it just dissociates. (4) and (5) shows the change in energy eigenvalue with respect to screening parameter µ for the different choices of potential exponent ν. The value of µ c is extracted from the condition given by eqn(5). It is observed that the critical value for the screening mass µ c decreases with increase in the choice of potential exponent ν. Also with increase of ν, the color screening radii r D (r D =1/µ c )and the r.m.s value (r 0 ) at the last binding energy of the quarkonia state at µ=µ c show a increasing trend. The mass of the quarkonia state at µ=µ c is tabulated below the column represented by M. The resultant colour screening parameter, µ c for each of the quarkonia states against the potential exponent, ν are plotted in fig. (6) . 
The Vacuum Screening Mass
At T=0, The absence of light quarks indicates the screening parameter µ=0 while the presence of light quark-antiquark from vacuum correspond to µ(T=0) =0. As the separation between Q-Q increases the gluonic flux that binds Q andQ breaks and the light quark and antiquark pairs are produced out of vacuum.This breaking of string is attributed to the creation of qQ andqQ but not exactly due to colour screening. Energy is required to bring out the virtualpair from vacuum and hence, µ(T = 0) =0.
Considering the vacuum screening, the effective binding energy can be represented as [4] E vs (T = 0) = 2m Qq − M QQ (6) where, m Qq is mass of heavy-light quark and m QQ is mass of state of cc and bb. Here, we consider m Qq as D 0 for charmonia and B 0 for bottomonia. comparing eqn. (6) with eqn. (4), the vacuum screening parameter, µ vs has been calculated for the different choices of power exponent ν and results are tabulated in table (7) and (8) for charmonia and bottomonia states respectively. The vacuum screening parameter, µ vs obtained for each of the quarkonia states are potted against the potential exponent, ν in fig(7) . 
Conclusion
The effect of medium on the binding energy of the QQ states are studied by introducing a medium dependent screening mass parameter, µ. For the different choices of µ we have calculated the effective binding energy and the bound state radii by solving the Schrödinger equation. The effective binding energy (E n,l cs ) as defined in eqn.(4) is found to vanish at a particular value of µ = µ c . This value µ c is then defined as critical screening mass parameter of the quarkonia state. Above this value bound state will not be possible. Corresponding to this critical screening mass parameter,µ c we obtained the screening radii r D = 1/µ c The corresponding r.m.s. radius of the quarkonium state r 0 at µ=µ c is also computed for each choices of ν. A part from the medium screening effects, the vacuum screening effects by considering µ(T=0) =0 is also studied according to eqn. (6) . Here like µ c we obtain the vacuum screening parameter, µ vs for each choices of ν. (6) and (7) one can conclude that µ c and µ vs decreases with increase in the potential exponent ν in all the cases while for a particular choices of ν it increases for excited states. And the vacuum screening radii (r vs =1/µ vs )increases with increase in potential exponent ν.
The vacuum screening of the 1s-state of charmonia will be stable above ν=0.5 similarly for 2s-state and 1p-state of charmonia vacuum screening will be stable above ν=1.7 and 1.3 respectively. Similarly for the case of bottomonia 1s-state, 2s-state and 1p-state will be stable against vacuum screening. While these states will be unstable due to colour screening in both charmonia and bottomonia cases studied here. Fig.(8) and (9) shows a plot of radii (i.e last banding radii r 0 , colour screening radii r D and vacuum screening radii r V S ) of different (i.e. 1s, 2s and 1p) states of charmonia and bottomonia with different choices of potential exponent ν. The different states of charmonia and bottomonia get screened, which represents their instability in medium. Table ( 9) and (10) represents the temperature at the critical colour screening parameter µ c which is shown in fig.(10) for the different charmonia and bottomonia states for the different choices of ν, which is calculated using screening parameter µ c [10] , µ c (T ) = 0.24 + 0.31(
The survival probability of the J/ψ, ψ ′ and χ c -state of charmonia has been obtained as 2-2.5T c , 1.1T c and 1.1-1.3T c [11, 14] while for Υ ∼3-4T c [15, 17] .Here our results agree for the charmonia case for the choice of exponent ν ∼1.1. However, for the bottomonia case our results overestimate with the prediction of [15, 17] for all potential exponents studied here.
We conclude here, the in medium properties of charmonia states can be studied by cornel like potential (ν ∼ 1.0) or by slightely higher than it. While in case of bottomonia states more detailed study is needed.
